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COMNAVSEA Memo: 4 Feb 08
Functionality and Timeliness Objectives

e Joint Capabilities Integration & Development (JCIDS)

— “... capability to generate and analyze hundreds of ship concepts
to a rough order of magnitude level within a period of weeks or
months”

e Concept Refinement

— “...accurately portray cost versus capability trade-offs, including
uncertainty analysis, for dozens of ship concept options within a
six-month period of performance”

e Technology Development

— ... completion of a design iteration in 8 to10 weeks, including
Insight as to changes needed for the next design iteration. Within
the time allocated during a design iteration, analysis tools must
comprehensively analyze all aspects of a Navy ship design ...”

e |Interoperability with LEAPS (product model data repository and
software integrator)

e Adhereto rigorous VV&A process
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e To accelerate the hydrodynamic aspects
of the naval ship design process and
decrease the risk at all stages of design,
Including in the early stages where
significant costs are locked in by design
decisions.

— Resistance, Powering and Stability analysis
needed at the earliest stages

— Maneuvering, Seakeeping and Loads analysis
needed at mid stages

— Confidently address late-stage design issues
and design changes to existing classes

— Complete computational evaluation before any
model testing

— Hydrodynamic shape optimization throughout
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Meeting the CREATE Objectives

e Engineered products are requiring more engineering
analysis earlier.

e [or complex systems, these analysis go beyond ensuring a
product won’t break. For Navy ships some of the more
specialized applications can drive a design at the early
stages.

e (Getting there requires that engineers are designing and
analyzing many designs quickly, with more computational
rigor, using results from one tool as input to another where
dependencies exist.
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® In many cases these codes are not executed in a timely and relevant
manner because:

e |ttakes too long to:
— Find the right information
— Extract the information needed for a specific application domain

— Transform the extracted information to the form required for
application software

— Transmit the information in a form usable by those who need it

e Accuracy issues:
— Understand extracted information (complete product knowledge)
— Transform/transcribe the extracted information correctly
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What we need is....

A way we can find the data we need in some “Smart Product
Model” environment... where we can quickly and
automatically (programmatically) extract the information
specific to our tools.... in a form our tools understand...
and produce accurate and reliable results that we return to
the “Smart Product Model” for sharing with others... or to

perform design optimization or set based design studies.
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Such an Environment Should...

e Enable

v« Complete understanding of a product
— structure
— components/systems
— attributes/properties/performance
— geometric, physical, functional relationships
— history

Y Fast extraction/deposit of user-specific information from/to a
repository

¥ Fast transformation of extracted information from stored form
to that required by applications software
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Data Requirements
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Our Solution is LEAPS

e | EAPS s asoftware development environment that facilitates
modeling, simulating, and analyzing product data

e Provides rich, context-based product information in user-
specific views

e |EAPS s data-centric and application independent

e |EAPS s designed to support application integration through
formal product object modeling

e |EAPS s not arepository for human digestible content or files
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LEAPS Requirements
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LEAPS “Picture-Architecture”

Design Application Tools

Product Information Model | T Engineering Models
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« Generic Class Structure | Engineering Models

:  Product Meta-Models
Design Tools

a
A 4

— Vehicles
— Payloads < > HLA Federate
Design Tools — Systems
« Product Model Data
Integrated
Translator/wrapper for Environments
data extraction and
transformation - also 7 Y -
links to libraries for Presentation I
components, threats, Manaaer
environment, etc. External J Wrappers
Data Bases
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LEAPS Hydro Activity
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The role of the Integrated Hydrodynamics Design
Environment (IHDE) within the CREATE-Ships Project is
to give ship designers easy and convenient access to
software design-analysis tools to evaluate tradeoffs (often
Involving thousands of design variables and high
performance computers) and make decisions early in the
design process, when the impact on future cost is
greatest.
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IHDE Requirements

» Functional » Hydrodynamic Areas
— Tool Validation — Resistance & Powering
— Hull Form Design — Seakeeping
— Hull Form Optimization — Maneuvering
— Loads
» Stakeholders » Flow Types
— Tool Validator — Inviscid
— Naval Architect — RANS
— Hydrodynamicists — LES
— DNS
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Integrated Hydrodynamics Design
Environment (IHDE)
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LEAPS Product Model Data
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Current IHDE Capabilities

e Analysis Tools (IHDE V2.1)

— Thin ship theory resistance predictions
— Fourier-Kochin Slender (FKS)
— Total Ship Drag (TSD)

—  Multi-hull capability for resistance
— Seakeeping predictions using Ship Motions Program (SMP)

¢ Integrated solution and visualization capabilities
— Predicted resistance vs. speed
— Hull wave profile
— Free surface wave elevations vs. speed
— 6-DOF ship responses, absolute motions and accelerations
— Relative motion response for specified locations on ship
— Direct comparison inside IHDE to model data or external analysis data
— Real-time evaluation of input sensitivities
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IHDE Requirements

» Functional » Hydrodynamic Areas
— Tool Validation — Resistance & Powering
— Hull Form Design — Seakeeping
— Hull Form Optimization — Maneuvering
Loads
» Stakeholders » Flow Types
— Tool Validator — Inviscid
— Naval Architect — RANS
— Hydrodynamicists — LES
— DNS

Current Functionality Version 3.0
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IHDE Meshing

e Automated Meshing capability
— Meshing directly from LEAPS database (NURBS representation)
— Several options available in IHDE to control mesh density and methodology

Significant time savings vs. manual grid generation methods!
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IHDE V2.1 Validation: Model 5415

)
e Automated mesh capability does
good job resolving high
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IHDE V2.0 Validation: Delft
Catamaran

« [HDE includes two different

100. -Drag Vs Speed Plot (at Draft = 0.150 (m)) automa’[ed meSh generatiOn
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mesh generation methods provides
Insight into impact of mesh on
accuracy of predicted resistance
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IHDE — Resistance

e Resistance: Total Ship Drag (TSD)
— Thin ship theory
— Predicted wave drag, friction drag from ITTC (1957)
— Empirical models for form, transom, spray drag

— Two different execution modes
— Mode 1: fast, robust
— Mode 2: slower, increased accuracy

— Predicts hull wave profile and free surface wave elevations

1%*%71 " Drag (N) at Draft = 8.790 (m) —
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IHDE Validation

e Verification and validation testing

— Joint High Speed Sealift (JHSS) ship concept
— DTMB Model 5415 (pre-contract DDG 51 hull)
— Delft Catamaran

e Comparisons with model test data and results from other
analysis tools

— Inclusion of data in LEAPS behavior object allows direct comparisons from
inside the IHDE environment
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IHDE V2.1 Validation: JHSS

e Several bow variants tested at NSWCCD

e Baseline Bulb: Results using TSD showed little sensitivity
to mesh density

?702:% T Drag (N) at Draft = 8.750 (m)
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IHDE V2.1 Validation: Delft
Catamaran

Fr=0.50

e Predicted free surface wave elevations using moderate mesh size

e Results indicate appropriate behavior with changing speed

CREATE- SHIPS Denver2 . . . 2 5
11/14/11 Page-25 Distribution Statement A



IHDE Resistance

3% Integrated Hydrodynamic Design Environment (IHDE) - [Model5415]

i Fle Edit Wiew Options Window Help

2011/10431.15:05:51.685: IHDE Databaze Model5415 at C:\Documents and Settings\WilzonWH\My Documentz\CREATEVHDE ProgramiProjectz_NEVIWModel5415 opened

i Messages [l X

[ Mew @Open ESave ‘X; Cut Copy EPaste @Print ‘? About R?Help
: Workspace O x :j ModelS415 |

= {b Model 5415

(%] I [2]] | Hull Farm anakysis | Hull Form Optimization | Toal validatian |

For Help, press F1

MUM | SCRL | .2
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IHDE - Seakeeping

e Seakeeping: Ship Motions Program (SMP)

Fin Hom

DB %8 o - 5]

Ship advancing at constant speed and heading in a seaway
Predicts 6-DOF responses, absolute motions and accelerations
Predicts relative motion response for specified locations on ship
Inclusion of skeg, rudders, bilge keels (nominal)

Multiple methods for data presentation: line, fringe, polar plots
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== Surge Acceleration (m/s*2) at Speed = 25.00 (kis)
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CREATE- SHIPS Denver2
11/14/11 Page-27

Heading (deg) 2_7 Hm



IHDE V2.1: Seakeeping

* Integrated Hydrodynamic Design Environment (IHDE) - [Asset61_RefDB]
:’ File Edit View Options Window Help
X

[ Z0TTTTI0T. T1.03.21.589. THUE TUNNING 1001 SHIP WOUONS Program (Sme) 1007
] 2011/11/01.11:04:18.408: IHDE failed to successfully run Tool Ship Motions Program (SMP) Tool
o 2011/11/01.11:05:21.063: IHDE running Tool Ship Motions Program (SMP) Tool
Z 2011/11/01.11:15:03.291: IHDE failed to successfully run Tool Ship Motions Program (SMP) Tool

[ mew ﬁOpen ﬂSave & oot Bhicopy ERPaste | EHprint ? About k?HeIp
: Workspace 0O x :j Asset6l_RefDB I

=\ LHD 8

i+ & bbG 79

= {4 bbG 1000

4 LPo 17

i f, Frigate

1 A Small Green Series 64

<. (] ‘ [2]] | Hull Form analysis | Hull Form Optimization | Taol Yalidation |
For Help, press F1

NUM | SCRL | .2
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IHDE - Help

IHDE - Windows Internet Explorer

l:@The Integrated Hydrodynamic Design Env
7] Quick Start
Q Introduction and Background
@ The THDE GUI
I:Q Vigualizing and Analyzing Models
Resistance Tools
t@ Seakeeping Taols
@ Performing a Seakeeping Anz
Ocean Conditions and Seawa
@ Motion Point Locations for Se
IE Viewing Seakeeping Analysis
Q Appendix

|~
|

@\:: * || X |§‘ C:YajglLEAPS\DevelopmentYersion 4.2\ Applications\IHDE Application)DocumentationiUsers ManualilsslwebHelpl IHDE hkm V| = ‘ Folhs
File Edit ‘View Favorites Tools  Help x @&
o Favorites | 553 MY Citrix Access Platform | Sharepoint - Code 2230 #t NatureScapes.iet [ The Weather Channel @ | What The Duck & | Carderock Division Intranet £ | -
EHoE [ IR S | =y v Page - Safety - Tooks - @ =
index G Search [-search-  |(@)
x Quick Start ~

The IHDE is intended to be a workbench-like desktop application that brings together several hydrodynamic design and analysis tools and processes for use by
designers and analysts of varying skills and disciplines. While the IHDE has been desizned and developed to allow future integration of a wider range of
applications and processes, this initial release allows traditional resistance analyses to be performed and compared for hull geometries contained in one or more
Focus-compliant Leaps databases.

This section presents a brief guide to getting started using the Integrated Hydrodynamic Design Environment (THDE), specifically, how to:
1. open aFocus-compliant Leaps database
2. view hull geometry
3. launch a resistance analysis in "hobbyist” mode

4. view resistance analysis results for a single hufl

3. compare resistance analyses results for multiple hulls

The figure below iltustrates a typical instance of the [HDE and describes the topography. Hover the cursor over different areas of the IHDE in the figure below
to display a brief description of the region beneath the cursor. A left mouse click in the area of interest will navigate the user to more documentation
deseribing the feature.

Integrated Hydrodynamic Design Environment (IHDE) - [Asset61_RefDB]

id Be Eh Vew Qoens Wedon e
20051022 07 52:17. 781 mDE Dazabase TWiR_45_wip ot C'temp closed A~
2009/10/22 0T 52.28.047: HDE running Tool FKS Tool
2009/10/22 0T 52.43.768: HWDE succsstuly ran Tool FKS Tool
2009/10/22 0T 52.43.Té8: HWDE added Resistance Assessment FKS Analysis: Smal Green Series 64, 102209, 07 5228 v
i Warkspace D |1 Assett1 Refcs |:! ¥ |
(@Bare Hl Drag Vs Speed A | + fb Frigate
@ b Ve Spmed shuos %
7 R 1) % {3 006 1000 8
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Plot Freferances ... = LJrullForm Geometry (-3
— & Tl 0000001
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L Currert Craft “_a_m e M’ J
5 275D Anolysis: Senall Green
4.3%76 o
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© [P HA Wave Profle Vs S 'p‘
Workspace — S LIRS Anstysi: Seosd Grasn S
oo~
Browser © [ Bare HA Drag Vs Spos 4
© D1l wave Profls vs S
5 fh w017
+ 00679
] Workspace
Graphic
Display
e o Model Browser Model Graphic Display
A% am w e me me s
peed v - -
Sareen Shot
< ¥ 1l Form
Pt pressFi v

Done
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Next Release IHDE 3.0 (Q1 FY2012)

X

LS
e

e Additional Analysis Capability (IHDE V3.0)

— Implemented basic ship loads capability
— Linear and non-linear ship-wave interactions in time domain
— Focused on implementation of LAMP-2
—  Approximate body non-linear solution
—  Disturbance potential solved over mean wetted hull surface

—  Hydrostatics/Froude-Krylov forces calculated over instantaneous wetted hull surface under the incident
waves

— Includes execution of slam2d to get combined loads

—  Weibull analysis used to predict lifetime fatigue and statistics for probability of exceedence for
various parameters

e Additional integrated solution and visualization capabilities

— Remote Execution Engine to IHDE for parallel processing at HPC DSRC'’s.

—  for rapid evaluations and generation of behavior objects while also facilitating timely hullform
design optimization.
—  This will bring HPC resourses to the desktop of naval architects during early stage design.

— Improved visualization and usability
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Future Development Plans

e | ooking Beyond V3.0:

— Hullform shape optimization
— Leveraging LEAPS HullTran and MDO Tooklits
— Improved capabilities for resistance and seakeeping
— Das Boot
- AEGIR
— TEMPEST
— NavyFOAM
— Improved visualization capabilities for decision-making
— Ship Evaluation Program (SEP)

— Deployment on Windows HPC Portal (DSRC Maui)
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IHDE Requirements

» Functional » Hydrodynamic Areas
— Tool Validation — Resistance & Powering
= Hull Form Design — Seakeeping
@Form O@ — Maneuvering
— Loads
» Stakeholders » Flow Types
— Tool Validator — Inviscid
— Naval Architect — RANS
— Hydrodynamicists — LES
— DNS
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e HullTran is a LEAPS Toolkit that allows for global distortion
of complex NURBS geometry

e First application will be Rapid Ship Design Environment
RSDE 1.0 (later presentation — Adrian Mackenna)

A
v
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Hull Transformation Approach

GOBS Topology

e Maintains GOBS Connectivity
e Maintains fairness

e Facilitates extensibility

Known Mapping Topology
GOBS — Geometry Object Structure (3-Parameter B-Spline Volume)
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HULLFORM TRANSFORMATION

HULLTRAN
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Analysis Process

Traditional/current Process

e Find someone to run TSD (expert)
— Find IGES file, clean up in Rhino
— Generate surface grid (Gridgen)
— RunTSD
— Post-process (Tecplot)
— Repeat for different waterlines
e Sometime later .... Find someone to
run SMP (different expert)
— Find IGES file, clean up in Rhino
— Ensure same as above
— Generate input file
— Post-process with visual SMP other

e Pros/Cons:

— Pro: have experts running the code who
should understand the results

— Con: time consuming, limited people who
can do the job, number of ancillary codes
needed, geometry hand-off problematic

IHDE Process

Find someone to run IHDE (non-
expert)

Ideally already have geometry in LEAPS
(e.g. via ASSET)

IF not find IGES file, goborize
Learn to run IHDE (~ 1 hour)

Run TSD/SMP and visualize results(~1
hour depending on cases/conditions)

Pros/Cons:

Pro: Have streamlined entire process and
made available to many people, consistent
geometry, no need to learn multiple codes

Con: Person may not understand results or
have garbage by using code for
inappropriate problem, new geometries
may require some additional preparation
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Analysis Process (Con’t)

Traditional/current Process
e Find another person to run LAMP

Find IGES file, clean up in Rhino
Generate LAMP mesh, input file
Run LAMP

Post-process (Impound + slam2d) to get
combined loads

Use another in-house program to
normalize the data and get max/min
amplitudes from time history

Use another in-house program to
estimate the lifetime loads using Weibull
analysis

e Pros/Cons:

Pro: have experts running the code(s)
who should understand the results

Con: time consuming to generate mesh,

limited people who can do the job, variety

of different tools used, easy to make
mistakes in input file, etc.

IHDE Process

Find someone to run IHDE (non-expert)

Ideally already have geometry in LEAPS
(e.g. via ASSET)

IF not find IGES file, goborize
Learn to run IHDE (~ 1 hour)

Run LAMP and visualize results

— At this point still requires use of some
LAMP tools for visualization outside of
IHDE for certain things

Pros/Cons:

Pro: Have streamlined entire process and
made available to many people, consistent
geometry, no need to learn multiple codes

Con: Person may not understand results or
have garbage by using code for
inappropriate problem, new geometries
may require some additional preparation
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Questions
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